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LOEC : Lowest Observed Effects Concentration    
NOEC : No Observed Effect Concentration
      
        
    
  
  
  
  
  
  
  
  
  
        
-  
 ) (
 . ) (
 .  
)
 (
 ) (
) (.  
 ) (
 .
 .  
 )pH (
.  
  
- :  
  
  
  
    
  
          
          
          
          
          
          
  
) (
) (.  
        
- :  
  )LA (  )LO(  
-  LA: 36 58 08LO: 53 49 09  
  LA: 36 57 11LO: 53 48 01
  LA: 36 56 06LO: 53 47 08  
  LA: 36 52 45LO: 53 08 42
  LA: 36 51 39LO: 53 07 13
  LA: 36 50 40LO: 53 O6 10  
  LA: 36 45 42LO: 52 42 05
  LA: 36 44 39LO: 53 41 13
  LA: 36 43 44LO: 53 40 11  
  LA: 36 41 37LO: 51 28 13
  LA: 36 40 30LO: 51 27 43
  LA: 36 40 03LO: 51 27 01  
  LA: 37 29 14LO: 49 57 20
  LA: 37 29 30LO: 49 56 10
  LA: 37 28 27LO: 49 55 08  
  
  
---  
):::
::()(
.) () ( .
-.     
  
  
  
  
  
  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
EPA 8141
Van Veen Grab
  
  
  
  
  
  
-
  
  
 ---
        
  
  
  
  
  
  
-:Grab   
--  
---  
C
-  
)Helrick, 2000(.  
  
  
  
  
  
- :  
  
        
 ---  
)
 .(
(Helrick, 2000) .  
  
  
  
  
  
  
-  :  
  
---   
-
/
 .  
  
        
  
  
  
  
  
  
- :  
---  
(G.C)
 .GC 6890N, AGILENT
 )TSD : Thermal specified detector (
-× 
 .
)CRM1 (
 .Organophosphorus Pesticides 
Mixture (Ultra scientific)mg/L(Helrick, 2000).   
  
  
1- Certified Reference Material
        
  
  
  
  
  
- :GC6890N-AGILENT   
--  
---  
cmEPA 8141
.pH)
.(
)Na2SO4()(
.  
---   
pH  .
) ( .1ccSurrogate spiking 
solution .cc
 )
( .. 
.
 .  
        
---  
 .
 .
.
 ..  
---  
 .
GC6890N AGILENT.  
--  
--- 
Van Veen Grab
 .
 .
)Na2SO4(
) (.  
--- 
.
)(cc
) .
..(
)(
.  
        
 .
..  
--- 
EPA 3630EPA 3620GPC EPA 3640
.GPC %
.  
---   
 .
 .
.  
--- 
  
.  
    . )
(. Spike 
 .GC6890N AGILENT.  
 -- )AchE( 
AchE)In Vitro (
 .) (
- . .
  
  
      
      
      
      
                        
 -
128ng/ml            64ng/ml 
  
  
    32ng/ml
  
pH 
-
     16ng/ml  
PBS
8ng/ml    4ng/ml                               
-
  
   
  
  
  
  
  
  
  
     
                     
                     
                
        
        
)Well (
 .  
  
  
  
  
  
  
- :  
) -(A-F  
S.AF )Duplicate()l(
Streptomycin-HRP
 .  
SAchE 
antibodies)biotin(Streptavidin-HRP
)Cat.No CK-E91332(.
.  
)Washing solution(.
.  
-A
 -B) .HRP
        
0
20
40
60
80
100
120
140
123456
)TMB ()OPD (
.(AB
.
.  
)Stop solution(
)HRP)(...
.(
)ELISA reader (OD .  
  
  
  
  
  
  
  
  
  
  
--ELISA Reader)ng/ml(  
  
-- 
Excell-2010   SPSS-21 .  
.  
        
)One-
Way ANOVA(Post Hoc-LSD 
)
TUKEY  .(  
)Bivariate 
Correlations-Pearson( . .  
)
 (DA )Discriminant Analysis( .  
PCA )Principal Component Analysis(
.
AChEPCA
 .  
PCA.  
  
  
  
  
  
  
  
        
  
  
  
  
  
  
  
  
  
  
        
--  
---  
.
) (.  
 - .  
  
-  
  
  
  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/L(  
  
)mg/kg(  
  
  
  0.050.080.060.080.04
  0.020.030.030.030.01
  0.030.030.030.040.02
  0.10.120.120.120.05
  
  0.06  0.070.070.090.04
  0.020.040.040.040.02
  0.030.030.030.040.01
  0.090.150.160.150.06
  
  0.05  0.060.050.070.02
  0.020.030.020.020.01
  0.030.030.030.040.01
  0.10.120.080.090.04
  
        
  
  
  
    
  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/L(  
  
)mg/kg(  
  
  
  
  0.080.090.10.120.05
  0.030.050.040.030.01
  0.040.030.060.060.01
  0.140.150.180.20.07
  
  0.070.190.10.150.06
  0.020.140.040.040.02
  0.040.030.060.090.03
  0.10.460.160.210.08
  
  0.090.760.350.160.06
  0.030.720.460.020.01
  0.050.030.080.090.03
  0.162.091.20.230.09
  
  
  0.060.270.090.110.05
  0.020.170.040.040.02
  0.030.050.030.070.03
  0.010.540.160.180.08
  
  0.080.170.090.130.05
  0.040.110.030.040.02
  0.030.030.060.080.01
  0.140.350.150.180.08
  
  0.091.280.210.180.06
  0.020.960.330.040.02
  0.060.030.080.10.04
  0.142.351.10.240.09
        
  
  
  
  
  
    
  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/L(  
  
)mg/kg(  
  
  
  0.050.330.110.120.05
  0.020.470.030.050.01
  0.030.050.080.070.02
  0.071.20.160.20.06
  
  0.090.120.070.120.04
  0.020.030.020.050.01
  0.060.080.030.050.03
  0.120.160.10.20.07
  
  0.060.210.10.090.04
  0.020.340.040.020.01
  0.030.060.060.060.02
  0.091.10.180.140.05
  
  
  
  0.050.110.060.060.03
  0.030.030.030.020.01
  0.030.080.030.040.02
  0.10.160.10.10.05
  
  0.060.130.080.070.04
  0.020.030.010.020.01
  0.030.10.050.030.02
  0.10.180.10.10.06
  
  0.070.140.090.070.04
  0.020.020.030.010.01
  0.030.10.050.050.02
  0.10.160.140.080.05
        
----  
 --- --  
/
//
//)- .(  
  
   
 - - )mg/kg( 
  
-)A-B (
 .  
 --- --  
/
//
//)-   .(  
  
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
A
B
AB
A
A
         
 - - )mg/kg(   
-)A-B (
.   
 --- --  
/
//
//)-.(  
  
 - - )mg/kg(  
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
A
BB
AB
AB
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
A
BB
AC
BC
        
-)A-C (
.
/
)-.(
)0.05<p ()-.(  
 - - P  
)0.05<p(  
P value
Diazinon0.019
Malathion0.081
Azinfos methyl0.002
  
 - -  
)mg/kg(  
  
  
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
A
BB
AA
        
-----)AchE(  
/
///
/) -.(  
  
  
 - -AchE )ng/ml(  
  
-)A-B (
 .  
  
 --- --AchE  
)Pearson Correlation(
AchE)0.01<p (
AchE
)- .(  
  
  
82.00
84.00
86.00
88.00
90.00
92.00
94.00
96.00
98.00
A
B
B
AA
        
 - -   
AchE)0.01<p(  
AchE  
r: - 0.608Diazinon P:  0.001
r: - 0.555Malathion P:  0.001
r: - 0.782Azinfos methyl P:  0.001
  
 -
)-(
AchE)- .(  
AchE
-.  
-)AchE (  
  
  
  
)ng/ml(  
  
)ng/ml(  
  
)ng/ml(  
  
  95.4193.680.5
  0.602.063.34
  94.89076.8
  96.497.285.8
  
  91.4771.5170.09
  3.9614.959.99
  84.148.250.2
  9696.779
  
  92.486071.72
  2.3615.5610.72
  88.440.244.2
  95.889.179.1
        
  
  
  
)ng/ml(  
  
)ng/ml(  
  
)ng/ml(  
  
  94.1379.8779.29
  1.4611.722.95
  91.755.274.8
  96.388.483.2
  
  94.0780.3283.08
  1.163.763.88
  92.174.476.4
  968688.1
----  
 --- --  
/
//
//)-.(  
  
  
 - - )mg/kg(  
-0.2
0
0.2
0.4
0.6
0.8
1
AA
AC
A
BC
        
-)A-C (
.  
 --- --  
/
//
//)-.(  
  
  
  
 - - )mg/kg(  
  
-)A-C (
.  
  
  
  
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
A
BC
BC
ACAC
        
 --- --  
/
//
//)-.(  
  
  
  
 - - )mg/kg(  
  
-)A-B (
.  
)0.05<p ()-.(  
  
  
  
  
-0.50
0.00
0.50
1.00
1.50
2.00
2.50
A
B
B
AA
        
 - - P  
)0.05<p(  
P value
Diazinon0.066
Malathion0.032
Azinfos methyl0.001
  
//
)-.(  
  
  
 - -  
)mg/kg(  
  
 --- --)AchE (  
/
-0.20
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
A
B
C
B
B
        
///
) -.(  
  
 --AchE )ng/ml(  
  
-)A-B (
 . 
 --- --AchE  
)Pearson Correlation(
AchE)0.01<p (
AchE) - .(  
 - -   
AchE)0.01<p(  
AchE  
r: - 0.392Diazinon P:  0.008
r: - 0.653Malathion P:  0.001
r: - 0.888Azinfos methyl P:  0.001
0.00
20.00
40.00
60.00
80.00
100.00
120.00
A
B
C
BB
        
 -
) -(
AchE)- .(  
AchE
-.  
  
----  
 --- --  
/
///
/) -.(  
  
 -- )mg/kg(  
  
-)A-B (
.  
  
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
AA
BB
B
        
 --- --  
/
//
//)-.(  
  
  
 -- )mg/kg(  
  
-)A (
.
.   
  
 --- --  
/
//
//)-.(  
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
A
AA
AA
        
  
 - - )mg/kg( 
  
-)A-B (
.  
  
)0.05<p ()-.(  
  
 - - P  
-)0.05<p( 
P value
Diazinon0.006
Malathion0.222
Azinfos methyl0.124
  
//
)-.(  
-0.20
0.00
0.20
0.40
0.60
0.80
1.00
A
B
A
AB
AB
        
  
 --  
)mg/kg(  
  
 --- --)AchE(  
/
///
/)-.(  
  
 --AchE )ng/ml(  
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
A
B
B
AA
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00
A
BB
AA
        
-)A-B (
 .  
)(AchE
)0.05<p () -.(  
 - - PAchE  
)0.05<p(  
P value
0.006
0.001
0.001
  
 --- --AchE  
)Pearson Correlation(
AchE)0.01<p (
AchE.
AchE
)- .(  
 - -   
AchE)0.01<p(  
AchE  
r: - 0.365Diazinon P:  0.014
r: - 0.254Malathion P:  0.093
r: - 0.871Azinfos methyl P:  0.001
        
 -
)-(
AchE)- .(  
AchE
-.  
----  
 --- --  
/
///
) -.(  
  
  
 -- )mg/L(   
-)A-D (
 .  
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
AC
BB
AD
BC
        
 -.  
-  
  
  )mg/L(  )mg/L(  )mg/L(  
  
  0.080.090.07
  0.030.040.02
  0.040.040.04
  0.120.150.09
  
  0.120.150.16
  0.050.050.04
  0.060.090.09
  0.20.210.23
  
  0.110.130.18
  0.040.040.04
  0.070.090.1
  0.180.20.24
  
  0.120.120.09
  0.050.050.02
  0.070.050.06
  0.20.20.14
  
  0.060.070.07
  0.020.020.01
  0.030.030.05
  0.10.10.08
  
        
 --- --  
/
////
)-.(  
  
  
-- )mg/L(  
-)A-C (
.  
 --- --  
/
////
) -.(  
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
AC
B
B
BC
A
        
  
 -- )mg/L(  
  
-)A-C (
.  
)
 ()0.05<p ()-.(  
  
 -- P  
)0.05<p(  
P value
Diazinon0.006
Malathion0.002
Azinfos methyl0.001
/)-.(  
0.00
0.05
0.10
0.15
0.20
0.25
A
BC
B
C
A
        
  
 --)mg/L(  
----  
 --- --
/
////
)-.(  
  
 -- )mg/kg(  
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
A
BB
C
A
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
AC
ACCAC
A
        
-)A-C (
. 
-.  
  
-  
  
  )mg/kg(  )mg/kg(  )mg/kg(  
  
  0.040.040.02
  0.010.020.01
  0.020.010.01
  0.050.060.04
  
  0.050.06  0.06
  0.020.020.02
  0.010.030.03
  0.070.080.09
  
  0.050.050.06
  0.010.020.02
  0.030.010.04
  0.080.080.09
  
  0.050.040.04
  0.010.010.01
  0.020.030.02
  0.060.070.05
        
  
  )mg/kg(  )mg/kg(  )mg/kg(  
  
  0.030.040.04
  0.010.010.01
  0.020.020.02
  0.050.060.05
  
 --- --  
/
////
) -.(  
  
-- )mg/kg(  
  
-)A-B (
.  
  
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
A
BB
ABAB
        
 --- --   
/
////
) -.(  
  
  
 -- )mg/kg(  
  
-)A-C(
.  
)0.05<p(
)-.(  
  
  
  
  
  
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
A
CC
B
B
        
 -- P  
-)0.05<p(  
P value
Diazinon0.001
Malathion0.452
Azinfos methyl0.119
  
//
)-.(  
  
 --  
)mg/kg(  
  
----  
)pH (
 -
.  
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
A
BB
C
AC
        
--  
  
  )(  pH  
  
)NTU(  
  
)ppt(  
  
  //
  
  /  /  /  
  //
  //
  
  //  /
  /  /  /  /  
  ///
  ///
  
  ///
  /  /  /  /  
  //
  //
  
  //
  
  /  /  /  
  //
  //
  
  ///
  /  /  /  /  
  ///
  ///
  
  
  
        
 --- --  
///
) -.(  
  
  
 --)(   
-)A-B (
.  
  
 --- -- pH  
pH
/pH
////)-.(  
  
29
27.1
27.62827.9
25
26
27
28
29
30
31
A
B
B
ABAB
        
  
 --pH  
-)A-D (
.  
 --- --  
NTU
NTU )-.(  
  
 --)NTU(  
8.27
8.128.12
8.21
8.24
8
8.05
8.1
8.15
8.2
8.25
8.3
A
BB
C
D
526
500
413
505
219
0
100
200
300
400
500
600
A
B
C
AA
        
  
-)A-C (
.  
 --- --  
/ppt
////ppt) -.(  
  
 --)ppt(  
  
-)A-B (
.  
pH
)0.05<p () -.(  
  
  
  
11.53
10.6
7.79
8.46
10.08
0
2
4
6
8
10
12
14
A
BB
AB
AB
        
 -- P  
 -pH)0.05<p(  
P value
Temprature0.081
pH 0.001
Turbidity0.001
Salinity0.093
----   
- ----  
-)
()(
/)- .(  
  
  
 --  
)(  
0.050.080.06
0.060.070.07
0.050.060.05
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
        
  
)0.05>p ()-.(  
  
 -- P  
)0.05>p(  
P value
0.715
  
0.487
  
0.333
  
 --- --)(  
-)
(
/) -.(  
)0.05>p(.
)0.05<p ()-.(  
  
        
  
 --)mg/L ()mg/kg(  
  
  
 -- P  
)0.05<p(  
P value
0.767
  
0.033
  
)
(
:  
  
  
0.080.090.07
0.040.040.02
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
        
 --- --) (  
/
)- .(  
  
 --  
)(  
  
----  
-----  
-)
()(
/)-.(  
0.060.090.140.160.07
0.070.120.110.090.09
0.050.400.110.090.09
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
        
  
 --  
)(  
  
)0.05>p()0.05<p(
)-.(  
 -- P  
)0.05<p(  
P value
0.311
  0.005
  0.093
  
  
0.080.090.10
0.070.190.10
0.090.760.35
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
        
 --- --)(  
-)
(
/) -.(  
)0.05>p ()-.(  
  
  
 --)mg/L ()mg/kg(  
  
  
  
  
  
  
0.120.150.16
0.050.060.06
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
        
 -- P  
)0.05>p(  
P value
0.2
  
0.465
  
 -- ---) (  
/
)- .(  
  
----  
-----  
 -)
()(
/) -.(  
        
  
 --  
)(  
  
)0.05>p()0.05<p(
)-.(  
  
 -- P  
)0.05<p(  
P value
0.214
  0.001
  0.351
  
  
0.060.270.09
0.080.170.09
0.091.280.21
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
        
 --- --)(  
-)
(
/) -.(  
)0.05<p()0.05>p(
) -.(  
  
  
 --)mg/L ()mg/kg(  
  
  
  
  
  
  
0.110.130.18
0.050.050.06
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
        
 -- P  
)0.05<p(  
P value
0.004
  
0.380
  
 --- --) (  
/
) -( .  
----  
 -----  
-)
 ( ) (
/)-.(  
        
  
 --  
)(  
  
)0.05<p()0.05>p(
)-.(  
  
 -- P  
-)0.05<p(  
P value
0.001
  0.403
  0.001
  
  
0.050.330.11
0.090.120.07
0.060.210.10
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
        
 -----)(  
-)
(
/) -.(  
)0.05<p()0.05>p(
) -.(  
  
  
 --)mg/L ()mg/kg(  
  
  
  
  
  
  
0.120.120.09
0.050.040.04
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
        
 -- P  
)0.05<p(  
P value
0.004
  
0.380
  
 -----) (  
/
) - .(  
----  
 -----  
-)
 ( ) (
/)-.(  
        
  
 --  
)(  
  
)0.05>p()0.05<p(
)-.(  
 -- P  
)0.05<p(  
P value
0.3
  0.080
  0.029
  
  
0.050.110.06
0.060.130.08
0.070.140.09
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
        
 ---- -)(  
-)
(
/) -.(  
)0.05>p ()0.05<p ()-.(  
  
  
 --)mg/L ()mg/kg(  
  
  
  
  
  
  
  
0.060.070.07
0.030.040.06
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
        
 -- P  
)0.05<p(  
P value
0.932
  
0.013
  
 -----) (  
/
) - .(  
)(
)0.05>p (
AchE
)0.05<p ()- .(  
 -- P  
)0.05<p(  
P value
Diazinon0.056
Malathion0.011
Azinfos methyl0.001
AchE0.001
  
  
        
---  
.
) (.  
- .  
  
-  
  
  
  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/kg(  
  
)mg/L(  
  
)mg/kg(  
  
  
  0.030.050.030.010.04
  0.010.020.020.010.02
  0.020.030.0100.02
  0.060.080.060.040.06
  
  0.040.040.03  0.020.03
  0.020.020.010.010.01
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Impact numerical estimation of organophosphate pesticides pollution in 
economic fishes of  South Caspian sea estuaries using
AchE bioassay (biomarker)
Abstract  
In this study the distribution and accumulation of diazinon, malathion and azinfos 
methyl in mullet fish Liza aurata, caspian white fish Rutilus frissi kutum and 
common carp fish Cyprinus carpio from five estuaries along the Caspian Sea was 
investigated. Also, the effect of pesticides concentration on the 
acetylcholinesterase enzyme (AChE) in fish species was studies. Pesticides 
concentration varied with fish species, sampling station and toxin type. The results 
diazinon, 0.01 to 0.15 mg/kg for malathion and 0.05 to 0.36 mg/kg for azinfos 
methyl in three fish species. There was significant difference between different 
concentrations was as follows: azinfos methyl > diazinon > malathion. There was 
significant difference in toxin concentrations between three fish species, and the 
highest toxins concentrations were absorbed in detritivores fish (L. aurata), 
followed by herbivorous fish (C. carpio) and carnivore fish (R. kutum). The results 
93.60 ng/ml for L. aurata, 91.47 to 95.41 ng/ml for R. frissi kutum and 70.09 to 
83.8 ng/ml for C. carpio. There was negative correlation between pesticides 
concentration and acetylcholinesterase (AChE) enzyme level in fish species and 
correlation was (r=  0.885) for L. aurata,  0.920 for R. kutum and (r=  0.874) C. 
carpio. The results confirmed that toxins bioaccumulation in fish species is 
strongly controlled by habitat and feeding habits. Also, the rsults showed that 
AChE enzyme activities in the fish tissues were gradually inhibited with increase in 
the organophosphorus pesticides concentration.
Key words:  Diazinon, Malathion, Azinfos methyl, Acetylcholinesterase, Fish, Estuary, Caspian 
Sea
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